Background Epicardial adipose tissue (EAT), localized beneath the visceral pericardium, is a metabolically active endocrine and paracrine organ with possible interactions within the heart. Coronary artery ectasia (CAE) is a clinical entity characterized with localized or diffuse dilatation, of the coronary arteries, with a diameter of greater than 1.5 times that of adjacent segments. Although the etiopathogenesis is not clearly understood, some studies have revealed that CAE may be a form of atherosclerosis that has greater inflammatory properties than atherosclerosis. The goal of this study was to investigate whether EAT and the level of C-reactive protein (CRP) are increased in patients with isolated CAE compared to normal subjects. Methods Thirty-three patients with isolated CAE (mean age: 57±9 years) and 32 age-and gender-matched control participants with NCA, but without CAE (mean age: 56±10 years), were included in the study. The relationship between EAT thickness, CRP levels and the presence of CAE was investigated. Results Epicardial adipose tissue thickness was significantly higher in CAE group compared to NCA group (7.2±3.2 vs. 4.7±2.1 mm, p<0.001). Body mass index (BMI, p=0.013), CRP (p=0.047), and the percentage of isolated CAE (p=0.012) were significantly higher in patients with an increased EAT thickness. While CRP correlated with increased EAT, it was not related to CAE. However, CRP levels were higher in patients with diffuse coronary ectatic involvement than the focal lesions (0.58±0.32 vs. 0.31±0.11 mg/dL, p=0.046). When we performed multiple logistic regression analysis, only increased EAT thickness was related to CAE independent of CRP and BMI (OR: 1.442, 95%CI: 1.066-1.951, p=0.018). Conclusion This is the first study, displaying a significantly higher EAT-thickness in patients with isolated CAE. We believe that further studies are needed to clarify the role of adipose tissue in patients with isolated CAE.
Introduction
Visceral adipose tissue, a metabolically active endocrine and paracrine organ, secretes many pro-inflammatory and pro-atherogenic cytokines. Epicardial adipose tissue (EAT), localized beneath the visceral pericardium, is a particular variety of visceral fat depot which is more closely related to visceral fat rather than total body fat.
The physiological, biochemical, and biomolecular properties of epicardial adipose tissue and the possible paracrine interactions within the heart have been described in previous studies (1, 2) . EAT exists, mainly in the atrioventricular and Figure 1 . The measurement of epicardial fat thickness by echocardiography. EAT was evaluated on the free wall of right ventricle from the parasternal long-axis view, using the aortic annulus as an anatomic reference. EAT, identified as an echo-free space between the pericardial layers on 2-dimensional echocardiography, was measured perpendicularly, ahead of the right ventricular free wall, at the end of diastole, for 3 cardiac cycles.
indicated EAT to be a stronger risk factor for coronary artery disease (CAD) than adipose tissues located in other parts of the body and may have an important role in the development of CAD (2, 5, 6) .
Coronary artery ectasia (CAE) is a clinical entity characterized by localized or diffuse dilatation of the coronary arteries with a diameter greater than 1.5 times that of adjacent segments. The prevalence of isolated CAE has been reported as 1.2 to 4.9% in various studies (7, 8) . Although the etiopathogenesis is not clearly understood, some studies have revealed that CAE may be a form of atherosclerosis that has greater inflammatory properties than atherosclerosis (9) . The goal of this study is to investigate whether epicardial fat pad tissue and CRP are increased in patients with isolated CAE compared to normal subjects.
Materials and Methods

Patient population and study protocol
The present study was cross-sectional and observational. Sixty-five individuals who underwent coronary angiography with a suspicion of CAD at the outpatient clinic of Rize Education and Research Hospital and had normal coronary arteries (NCA) or CAE, without any atherosclerotic lesion with visual assessment, were enrolled. The cases were selected from the 1283 patients between January 2011 and December 2011. Thirty-three patients with isolated CAE (mean age: 57±9 years) and 32 age-and gender-matched control participants with NCA, but without CAE (mean age: 56±10 years), were included in the study. The relationship between EAT thickness, CRP and CAE was investigated.
The cases with isolated CAE were sought from our database and reevaluated for isolated coronary ectasia by two experienced interventional cardiologists who were totally blind to the study. The patients with concomitant CAD were excluded. The control group was selected in a consecutive manner, among the recently catheterized patients, during the study period. Isolated CAE was defined as the localized or diffuse non-obstructive lesions of the epicardial coronary arteries with luminal dilatation exceeding 1.5 times of normal adjacent segment, without any atherosclerotic lesions through visual assessment. When there was no identifiable adjacent normal segment, the mean diameter of the corresponding coronary segment in the control group served as the normal value.
All patients had chest pain or angina equivalent symptoms with either positive treadmill test or myocardial perfusion study. Clinical characteristics, which consisted of multiple descriptors from each patient's history and physical examination, were collected by physicians from the cardiology clinic, of each patient at the time of cardiac catheterization and were stored in the database of coronary angiography laboratory at our institution.
Standard selective coronary angiography with at least four views of the left coronary system and two views of the right coronary artery were performed using the Judkins technique and 6-French right and left heart catheters without the use of nitroglycerin.
Routine measurements
Blood samples were drawn by venipuncture to measure routine blood chemistry parameters after fasting for at least 8 hours before coronary angiography. Fasting blood glucose, serum creatinine, total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and triglyceride levels were recorded. Glucose, creatinine, and lipid profile were determined by standard methods. Serum CRP levels were evaluated by nephelometry.
Echocardiography
All patients underwent complete transthoracic examination including the two-dimensional, color flow and pulsed doppler, tissue doppler imaging as well as epicardial fat thickness measurement with a GE-Vingmed Vivid S5 (GEVingmed Ultrasound AS, Horten, Norway) using a 2.5-3.5 MHz transducer. All examinations were performed by an experienced cardiologist, blind to the patient's clinical information. The intra-observer correlation coefficient was 0.96.
Epicardial fat thickness was evaluated on the free wall of right ventricle from the parasternal long-axis view, using the aortic annulus as an anatomic reference. Epicardial fat thickness, identified as an echo-free space between the pericardial layers on 2-dimensional echocardiography, was measured perpendicularly, ahead of the right ventricular free wall, at the end of diastole, for 3 cardiac cycles (10, 11) (Fig. 1) . The measurement was performed at a point on the free wall of the right ventricle along the midline of the ultrasound beam, perpendicular to the aortic annulus. The average value comprising three cardiac cycles of each echocardiographical view was used for the statistical analysis. 
Statistical analysis
Continuous variables were given as mean ± SD; categorical variables were defined as percentages. Data were tested for normal distribution using the Kolmogorov-Smirnov test. The χ2 test was used for the univariate analysis of the categorical variables. All tests of significance were two-tailed. Mean values were compared by ANOVA among different groups. Logistic regression with Enter method was used for multivariate analysis. Statistical significance was defined as p<0.05. The SPSS statistical software (SPSS for windows, version 15.0, Inc., Chicago, IL, USA) was used for all statistical calculations.
Results
The clinical characteristics of the study population are detailed in Table 1 . There were no statistically significant differences between the two groups with respect to age, gender, the presence of hypertension or diabetes mellitus, and the smoking status (p>0.05). Epicardial adipose tissue thickness was significantly higher in CAE group compared to NCA group (7.2±3.2 vs. 4.7±2.1 mm, p<0.001) (Fig. 2) . Body mass index (p=0.013), CRP (p=0.047), and the percentage of isolated CAE (p=0.012) were significantly higher in patients with an increased EAT thickness (Table 2) . While CRP correlated with increased EAT, it was not related to CAE.
In our study, the ectatic lesions were located mainly in the proximal coronary segments (91%), frequently associated with multivessel disease (82%). Diffuse and focal ectatic involvement (!30 mm or <30 mm in length) rates were similar (58% vs. 42%), and EAT was not significantly different between the two forms (7.7±3.3 vs. 6.5±3.2 mm, p=NS, respectively). However, CRP levels were higher in patients with diffuse coronary ectatic involvement than in those with focal lesions (0.58±0.32 vs. 0.31±0.11 mg/dL, p= 0.046). When we performed multiple logistic regression analysis, only increased EAT thickness was related to CAE independent of CRP and BMI (OR: 1.442, 95%CI: 1.066-1.951, p=0.018)( Table 3) .
Discussion
In the present study, we found significantly higher EAT thickness in patients with isolated CAE compared to patients with angiographically normal coronary arteries. To our knowledge, this is the first report demonstrating the relationship of CEA with increased EAT. There is still controversy regarding the mechanisms and reasons in the pathogenesis of CAE. The frequent coexistence of CAE with CAD and the histopathological findings resembling those of atherosclerosis have allowed the conclusion that atherosclerosis may play a role in the pathogenesis, and CAE is a variant of atherosclerosis related to positive remodeling described as the enlargement of the area within the external elastic membrane. However, there are several unknown aspects, such as why some patients with CAD have CAE while most of the patients do not have CAE and why it is related to other pathological entities such as collagenosis, connective tissue diseases, and vasculitis.
Obesity is an important risk factor for atherosclerotic cardiovascular disease. Visceral adipose tissue, the fat deposited around the internal organs, rather than total body adiposity, might act as a marker for cardiovascular disease (12) (13) (14) . Epicardial adipose tissue is a true visceral fat tissue. Previous reports have indicated a strong correlation between epicardial adipose tissue and abdominal fat deposits (11) . This finding is justified through the common embryogenesis pathway; that is, epicardial fat and intraabdominal fat seem to be originally brown adipose tissue in infancy. This adipose depot is now recognized as a source of variable bioactive molecules, such as adiponectin (15), tumor necrosis factor-alfa, monocyte chemotactic factor-1, interleukin-1 beta, interleukin-6 (16) and inflammatory cytokines which might affect coronary artery (17, 18) .
Until recently, magnetic resonance imaging (MRI) had been accepted as a gold standard for measuring epicardial fat thickness. In 2003, Iacobellis et al. reported echocardiographical measurement of epicardial fat for the first time (10, 11) . They showed an excellent correlation between echocardiographical epicardial fat thickness and MRI abdominal fat and epicardial fat measurements. Echocardiographically measured epicardial fat may provide a highly reliable measure of true visceral fat content, avoiding the possible confounding effect of increased subcutaneous abdominal fat (1).
Although the histopathological examinations of ectatic vessels have revealed similar findings as seen in atherosclerosis (19) it is not known exactly why connective tissue disorders (20, 21) , infections (22) , and Kawasaki (23) disease are related to CAE (24, 25) . Studies on CAE etiology have all focused on vascular endothelium and the biological properties of the arterial wall. However the exact mechanism of abnormal luminal dilatation in CAE is still unknown. The histological examination of the ectatic segments revealed diffuse atherosclerotic alterations and disruption of the vascular media layer (26) .
Compared to patients with CAD, higher levels of Creactive protein (CRP) (9), adhesion molecules (27, 28) , leukocytes (29), metalloproteinase-3 (MMP-3) (30), plasminogen activator inhibitor-1 (31) and phospholipase A2 (32) have been reported in patients with CAE. Studies using epicardial fat, obtained during coronary artery bypass surgery, revealed a significantly higher expression of interleukin-1, interleukin-6, and tumor necrosis factor in epicardial fat than those in leg subcutaneous adipose tissue (16, 33) . These biochemical properties of epicardial fat tissue suggest its possible role as a cardiovascular risk factor.
In the present study, an interesting finding is that, while CRP was related to increased epicardial fat pad, it was not related to CAE. In this aspect, the known relation between CAD and CRP is different and the possible role of CRP on CAD appears to be invalid for CAE. Even though coronary ectasia has been related to inflammatory process, a recent study, comparing CAE patients with CAD and normal coronary angiograms also found similar CRP levels. In addition, former studies have demonstrated conflicting results (34, 35) on CRP levels in patients with CAE (36) . In the present study, it was interesting that CRP was associated with diffuse rather than focal coronary involvement, although being not related to just the presence of CAE, in patients with iso-lated CAE. This relationship may support a promoting role for CRP instead of an initiative role.
CAE has been related to other ectatic dilatations as well. There is a tendency to believe that it is a systemic vascular wall abnormality rather than a simple variation of atherosclerosis. In the present study, there may be two explanations for the possible role of increased epicardial tissue in CAE, either an active local paracrine role or passive thermogenic effect in this process or systemic endocrine effects on vasculature. Our results support EAT to have a local initiative effect on CAE pathogenesis; possible EAT related or unrelated systemic inflammatory factors may serve as promoters to advance from focal to diffuse form.
The findings of the present study may support the notion that increased epicardial adipose tissue may lead to the coronary ectatic process without visible atherosclerosis. We can speculate that existing systemic vascular wall abnormality may be activated by an increased epicardial adipose tissue. Therefore, increased fat accumulation may have a critical role in this entity. Bioactive molecules from pericoronary tissues may alter arterial homeostasis. (37, 38) . Perivascular adipose tissue also releases factors that might profoundly modulate vascular function (39) .
Study limitations
In the current study, the patients did not undergo IVUS (intravascular ultrasonography) to detect whether there was a positive atherosclerotic remodeling in ectatic arteries. Hence, the coexistence of non-obstructive CAD in patients with "isolated" CAE cannot be established absolutely. Nevertheless, in clinical practice, isolated CAE patients do not undergo IVUS routinely and coronary artery ectasia is usually diagnosed with visual assessment of coronary angiography. MRI is the gold standard diagnostic method for measuring epicardial fat thickness at the moment. Not using MRI in our research is a study limitation. Although epicardial fat is readily visualized on high-speed CT and MRI, widespread use of these methods for assessment of EAT is not practical. Echocardiography provides an objective, noninvasive, readily available method and is certainly less expensive than MRI or CT for measuring epicardial fat. Other inflammatory cytokines except CRP might be searched to clarify possible causative mediators.
Conclusion
In conclusion, to the best of our knowledge, this is the first study displaying, a significantly higher EAT thickness in patients with isolated CAE. We believe that further studies are needed to clarify the role of adipose tissue in CAE and other inflammatory diseases. Specific roles of adipose tissue can provide new treatment modalities in clinical cardiovascular medicine.
The authors state that they have no Conflict of Interest (COI).
